We report on a preferred region of supersymmetric parameter space by t, b, τ Yukawa unification. We find a narrow region survives for µ > 0 (suggested by b → sγ and the anomalous magnetic moment of the muon) with A 0 ∼ −2 m 16 , m 16 > 1200 GeV, µ, M 1/2 ≪ m 16 and tan β ∼ 50 ± 2. Demanding Yukawa unification thus makes definite predictions for Higgs and sparticle masses.
The nicest features of supersymmetric [SUSY] grand unified theories [GUTs] are the explanation of charge assignments of quarks and leptons and the prediction of the weak mixing angle from the unification of gauge couplings at the GUT scale M G ∼ 3 × 10 16 GeV. Furthermore, there is also a very interesting possibility that the Yukawa couplings of the third generation particles unify at the same scale. The unification of Yukawa couplings of t, b, τ is very well motivated in SO(10) models where the third generation standard model [SM] fermions and the righthanded neutrino sit in one 16 dimensional spinor representation and (in the simplest version) the two Higgs doublets of minimal supersymmetric standard model are contained in one 10 dimensional fundamental representation. The Yukawa couplings are given by a single term in the superpotential W = λ 16 10 16 which leads to λ t = λ b = λ τ = λ at the GUT scale. Besides λ and M G there is one more parameter crucial for fermion masses -tan β, the ratio of vevs of two Higgses. Since M G is already fixed by gauge coupling unification there are just two parameters to play with and it is non-trivial that one can describe three masses by one Yukawa coupling. In what follows we specify the SUSY breaking scenario and comment on alternatives, we show that there is a preferred region of SUSY parameter space where Yukawa unification works, and give predictions for Higgs and SUSY spectra from this specific region. For a more detailed discussion see Ref.
1 . In our analysis we assume following boundary conditions for soft SUSY breaking terms at M G : universal squark and slepton masses -m 16 ; universal gaugino masses -M 1/2 ; non-universal Higgs The Yukawa unification is easy to satisfy with µ < 0, because reasonable fits to b quark mass prefer negative SUSY threshold corrections. In most region of SUSY parameter space these are dominated by gluino contribution which are negative for negative µ. However, the discrepancy between SM and experimental values of anomalous magnetic moment of muon can be explained by SUSY only if µ > 0.
3 Also b → sγ for large tan β strongly prefers µ > 0.
4
In this analysis we are looking for the region of SUSY parameter space with µ > 0 consistent with Yukawa unification. We start with 11 input parameters at the GUT scale: M G , α G , ǫ 3 , (ǫ 3 is a correction to α 3 at the GUT scale) which are fixed by gauge coupling unification; m Hu , m H d which are constrained by requiring correct REWSB; λ, tan β which are constrained by Yukawa unification; and remaining parameters µ, M 1/2 , m 16 , A affect Yukawa unification through RG running and weak scale threshold corrections. We scan through these parameters to find the region where Yukawa unification can be satisfied. The χ 2 function includes 9 observables: 6 precision elec- We find acceptable fits (χ 2 < 3) for m 16 > 1200 GeV, A ∼ −2m 16 , µ, M 1/2 ≪ m 16 and tan β ∼ 50 ± 2. Why does Yukawa unification only work in this narrow region of SUSY parameter space? How is it possible to get negative threshold corrections with positive µ? The dominant corrections to m b comes from gluino and chargino diagrams. These are proportional to tan β and can naturally be as large as 40 %: The typical spectrum for this region of SUSY parameter space is: quite light stopt 1 ∼ 150 − 250 GeV, charginoχ ± ∼ 100 − 250 GeV and scalars of the first two generations above 1 TeV. Finally in Fig. 1 (right) we see that Yukawa unification prefers light Higgs mass in a narrow range, 110 -118 GeV.
The range of SUSY parameters with m 16 > 1200 GeV and M 1/2 ≪ m 16 is also preferred by nucleon decay experiments. 6 However, large values of m 16 ≥ 1200 GeV lead to very small values of a N EW µ ≤ 16 × 10 −10 .
